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DETAILED ACTION 
Election/Restrictions 

Restriction to one of the following inventions is required under 35 U.S.C. 121 : 

I. Clainis 1-68, drawn to method of fabricating a field emission device, 
classified in class 445, subclass 24. 

II. Claims 69-99, drawn to self-aligned gated field emission device, classified 
in class 313, subclass 495. 

The inventions are distinct, each firom the other because of the following reasons: 

Inventions Group I and Group II are related as process of making and product 
made. The inventions are distinct if either or both of the following can be shown: (1 ) 
that the process as claimed can be used to nriake other and materially different product 
or (2) that the product as claimed can be made by another and materially different 
process (MPEP § 806.05(f)). In the instant case the product as claimed can be made 
by another materially different process such as the porous layer on the substrate can be 
made by selective etching using an etching template. 

Because these inventions are distinct for the reasons given above and have 
acquired a separate status in the art as shown by their different classification, and 
because of their recognized divergent subject matter, restriction for examination 
purposes as indicated is proper. 

During a telephone conversation with Mr. Paul Diconza on July 27, 2005 a 
provisional election was made with traverse to prosecute the invention of Group II, 
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claims 69-99. Affirmation of this election must be made by applicant in replying to this 
Office action. Claims 1-68 withdrawn from further consideration by the examiner, 37 
CFR 1 .142(b), as being drawn to a non-elected invention. 

Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 CFR 1 .48(b) if one 
or more of the currently named inventors is no longer an inventor of at least one claim 
remaining in the application. Any amendment of inventorship must be accompanied by 
a request under 37 CFR 1 .48(b) and by the fee required under 37 CFR 1.1 7(i). 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prbr art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 69-78, 84, 85, 87 -89, 91-94 and 99 are rejected under 35 U.S.C. 103(a) 
as being unpatentable over U.S. Patent 6,91 1,767 to Takai, and further in view of U.S. 
Patent 6,278,231 to Iwasaki et al. 

Regarding claim 69 Takai discloses (Figs. 1, 3, column 9 lines 38-67, column 10 
line 60 through column 1 1 line 5) a substrate 301 0 having a surface and a 
predetermined thickness, a porous layer 3020 disposed adjacent to the surface, a 
plurality of substantially rod shaped structures 3040, wherein the rod-shaped structures 
protrudes above the surface of the porous layer, a gate dielectric layer 1040 (Fig.1 ) 
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having a surface and a predetermined thicl<ness disposed on the surface of the porous 
layer wherein the gate dielectric layer is disposed between the plurality of substantially 
rod-shaped structures, a conductive layer 1050 (second metal film) having a 
predetermined thickness selectively disposed on the surface of the gate dielectric layer 
wherein the conductive layer is selectively disposed between the plurality of 
substantially rod-shaped structures. 

Claim 69 differs from Takai in that Takai does not exemplify the porous layer 
defining a plurality of substantially cylindrical channels, each of the plurality of 
substantially cylindrical channels aligned parallel to one another and substantially 
perpendicular to the surface of the substrate and the plurality of rod-shaped structures 
disposed within at least a portion of the substantially cylindrical channels defined by the 
porous layer. 

Iwasaki in analogous art of nanostmcture electron emitting device discloses 
(Figs.1, 2 and 18, column 7 lines 1-17, column 19 line 36-39) nanostructures comprising 
a semiconductor substrate 1 1 , a porous layer (anodized film) 13 defining plurality of 
substantially cylindrical channels 14 (nanoholes), aligned parallel to one another and 
substantially perpendicular to the surface of the substrate and plurality of rod-shaped 
structures (nanotubes) 202 disposed within the plurality of substantially cylindrical 
channels, the rods protruding above the surface of the porous layer 13. Iwasaki further 
teaches (column 3 lines 46-65) this configuration of nanostructures can be produced in 
a highly reliable fashion and provides completely cut-through nanoholes with uniform 
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depths (good uniformity and linearity of sliape) and thus provides high performance 
electron emitting device capable of emitting large amount of electrons. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
of invention to modify the porous layer with substantially cylindrical rod shaped 
structures of Takai to a porous layer defining plurality of substantially cylindrical 
channels, each of the plurality of substantially cylindrical channels aligned parallel to 
one another and substantially perpendicular to the surface of the substrate and the 
plurality of rod-shaped structures disposed within the substantially cylindrical channels 
defined by the porous layer as taught by Iwasaki for providing a high perfonnance 
electron emitting device with uniform shaped nanostructures which can be produced in 
a highly reliable fashion. 

Referring to claim 70 Takai discloses (column 9 lines 47-50) the substrate 
comprises a material selected from the group consisting of semiconductor (silicon) and 
metals. 

Regarding claim 71 Takai discloses the substrate made of silicon. 
Regarding claim 72 Takai discloses (column 5 line 48) the substrate made of 
aluminum. 

Regarding claim 73, Takai and Iwasaki disclose the claimed invention except for 
the limitation of thickness of the substrate being between 1 micron and 550 micron. It 
has been held that where the general conditions of a claim are disclosed in the prior art, 
discovering the optimum or workable ranges involves only routine skill in the art. In re 
Alter, 105 USPQ 233. It is noted that the thickness of the substrate is selected so that it 
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supports the anodized porous layer along with the substantially rod-shaped structures. 
It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to select the thickness of the substrate between 1 micron and 550 
micron so that it can support the porous layer with the aligned rod-shaped structures, 
since optimization of workable ranges is considered within the skill of the art. 

Regarding claims 74 and 75 Iwasaki discloses (column 7 lines 1-10) the porous 
layer comprising anodized aluminum oxide. The reason for combining art is same as of 
claim 69. 

Regarding claim 76 Iwasaki discloses (column 19 lines 57-60) the thickness of 
the porous layer is 1 lam which lies within the claimed range (0.5 to 5 micron) of 
thickness. 

Regarding daim 77 Iwasaki discloses (column 17 lines 28,29) the diameter of the 
plurality of substantially cylindrical channels (nano holes) is about 50 nm. 

Regarding claim 78 Iwasaki discloses (column 9 lines 51-61) the length (depth) 
of the plurality of substantially cylindrical channels is in the range of .01 micron (lOnm) to 
100 micron. 

Regarding claims 84 and 85 Takai discloses (column 10 lines 33-40) the rod- 
shaped structures (nanotubes) having diameter between 1 .3nm to 200nm and length 
(average height) between 0.1 micron to about 100 micron. 
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Regarding claim 87 Tal<ai discloses (Fig. 1 column 9 lines 55-57) the thickness of 
the gate dielectric layer 1040 is about 1 micron. 

Takai and Iwasaki disclose the claimed invention except for the limitation of 
thickness of the dielectric layer being between 1 nm and 25nm. It has been held that 
where the general conditions of a daim are disclosed in the prior art, discovering the 
optimum or workable ranges involves only routine skill in the art. In re Alter, 105 USPQ 
233. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to select the thickness of the dielectric between Inm and 25 nm so 
that the distance between the emitters and the gate is snnall and hence working voltage 
is reduced, since optimization of workable ranges is considered within the skill of the art. 

Regarding claims 88 and 89 Takai discloses (column 9 lines 58-62) the 
conductive layer (second metal film) comprises metal selected from titanium, chrome. 

Regarding claim 91 Takai discloses (column 9 lines 61,62) the thickness of the 
conductive layer (second metal film) is 200nm (0.2 micron). 

Takai and Iwasaki disclose the claimed invention except for the limitation of 
thickness of the gate conductive layer being between 20nm and 100 nm. It has been 
held that where the general conditions of a claim are disclosed in the prior art, 
discovering the optimum or workable ranges involves only routine skill in the art. /n re 
Aller, 105 USPQ 233. It would have been obvious to one having ordinary skill in the art 
at the time the invention was made to select the thickness of the grid between 20nm 



Application/Control Number: 10/670,487 Page 8 

Art Unit: 2879 

and 100 nm so that it is close proximity of the aligned rod-shaped structures, and thus 
provides high emission current since optimization of workable ranges is considered 
within the skill of the art. 

Regarding claim 92 Takai discloses (column 10 lines 1-4) the distance between 
the plurality of rod-shaped structures (same as the distance between the fine holes 
through which plurality of nanotubes protrude) is 2000nm (2 micron). 

Takai and Iwasaki disclose the claimed invention except for the limitation of the 
rod shaped structures being separated by a distance of about 50nm and SOOnm. It has 
been held that where the general conditions of a claim are disclosed in the prior art, 
discovering the optimum or workable ranges involves only routine skill in the art. In re 
Aller, 105 USPQ 233. It is to be noted that the number of plurality of rod-shaped 
emitters and hence emission current increases as the distance between them is 
reduced. It would have been obvious to one having ordinary skill in the art at the time 
the invention was made to select the distance between 50nm and 500 nm so that there 
is increased number of plurality of emitters and hence increased emission current since 
optimization of workable ranges is considered within the skill of the art. 

Regarding claim 93 Takai discloses (column 1 lines 20-50, column 9 lines 27-31) 
the gated field emission device with reduced working voltage and increased longevity of 
emitter tips is used in a flat panel field emission display device. 
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Regarding clainns 94 and 99 Takai and Iwasaki disclose all the limitations same 
as of claim 69 and additionally Takai discloses (column 1 lines 20-25, column 9 lines 
27-31) the gated field emission device is used in a flat panel field emission display 
device, an electronic system. 

Claims 79-83, 86 and 90 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent 6,91 1,767 to Takai, and U.S. Patent 6,278,231 to 
Iwasaki et al. and further in view of U.S. Patent 6,504,292 to Choi et al. 

Regarding daim 79 Takai and Iwasaki do not explicitly disclose the substantially 
rod-shaped structures comprising metal. 

Choi in same field of endeavor discloses (column 4 lines 52-67) the 
nanostructures comprising high melting point metals such as Mo, W, Ta. Choi further 
discloses the use of these metals is advantageous because minimize the undesirable 
diffusion of metal atoms to the emitting tip, providing continuous electron emission. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
of invention to substitute carbon nanotubes of Takai and iwasaki by nanostructures 
comprising metals such as Mo, W, Ta as taught by Choi for minimizing the undesirable 
diffusion of metal atoms to the emitting tip while providing continuous electron emission. 

Regarding claim 80 Choi discloses rod-shaped structures comprising Mo, W, Ta. 

Regarding daim 81 Takai and Iwasaki do not explicitly disdose the 
nanostructures comprising dielectric material. 
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Choi discloses (column 6 lines 61 through column 7 line 2) nanostructures 
comprising dielectric material which provides high-aspect ratio nanostructures and 
hence can be used as efficient field emitters. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
of invention to include substantially rod-shaped structures of Takai and Iwasaki 
comprising dielectric material as suggested by Choi which provides high-aspect ratio 
nanostructures resulting in efficient field emitters. 

Regarding claim 82 and 83 Choi discloses the rod-shaped structures comprising 
dielectric material of various oxides such as TiOa, AI2O3. 

Claim 86 differs from Takai and Iwasaki in that Takai and Iwasaki do not 
exemplify the gate dielectric layer comprising a material selected from Si02, AI2O3. 

Choi discloses (column 7 lines 28) the gate dielectric layer comprising aluminum 
oxide (AI2O3) or silicon dioxide (Si02). It is noted that these materials are known in the 
art for being used as dielectric. 

The selection of known materials for a known purpose is generally considered to 
be within the skill of the art. In re Leshin, 125 USPQ 416. It would have been obvious to 
use gate dielectric layer of Takai and Iwasaki comprising aluminum oxide (AI2O3) or 
silicon dioxide (Si02) as taught by Choi for providing electrical insulation between the 
emitter and conducting gate electrodes because the selection of known materials for a 
known purpose is within the skill of the art. 
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Regarding daim 90 Choi discloses (column 7 lines 46-48) the grid conductors 
comprising semiconductor material such as conductive ceramic material such as 
carbides (SiC). 

Claims 95-98 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
U.S. Patent 6.91 1 .767 to Takai, and U.S. Patent 6,278.231 to Iwasaki et al. and further 
in view of Applicant's admitted prior art (AAPA). 

Regarding claims 95. 96 Takai and Iwasaki are silent about the electronic system 
having self-aligned gated field emission device being an imaging and x-ray imaging 
system. 

AAPA discloses (Background of the Invention section [0003]) use of electron 
emission device as an electron source in x-ray imaging devices to improve scan 
speeds. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
of invention to use the self-aligned gated field emission device with increased emission 
current of Takai and Iwasaki as an electron source in x-ray imaging system as disclosed 
by AAPA for improving scan speed. 

Regarding claims 97 and 98 Takai and Iwasaki do not disclose explicitly the 
electronic system self-aligned gated field emission device being a fluorescent lighting 
system. 
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AAPA discloses (Bad^ground of the Invention section [0003]) use of electron 
emission device as an electron source in a gas discharge lighting and fluorescent 
lighting system for providing longer life. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
of invention to use the self-aligned gated field emission device with increased longevity 
of emitter tips of Takai and Iwasaki as an electron source in a fluorescent lighting as 
disclosed by AAPA for providing longer life of the lighting device. 



Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. U.S. Patent 5,726,524 to Debe and U.S. Patent 6,864,162 to Jin 
disclose field emission devices using gated field emission structures with nanowires. 
U.S. Patent 6,709,929 to Zhang et al. and U.S. Patent Application Publication 
2003/0143398 to Ohki et al. disclose method of producing nano-scale electronic 
devices. 
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number for the organization is (703) 308-7382. 

Any inquiry of a general nature or relating to the status of this application or 
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